Escherichia coli heat-labile enterotoxin promotes protective Th17 responses against infection by driving innate IL-1 and IL-23 production.
Escherichia coli heat-labile enterotoxin (LT) is a powerful mucosal adjuvant; however, it is associated with toxic effects when delivered intranasally, and its mechanism of action is poorly understood. In this article, we demonstrate that LT acts as a highly effective adjuvant when administered parenterally, promoting Ag-specific IL-17, as well as IFN-γ, IL-4, and IL-10 production in response to coadministered Ags. We found that the adjuvant activity of LT was mediated in part by inducing dendritic cell (DC) activation; LT promoted CD80 and CD86 expression by DCs and enhanced IL-1α, IL-1β, and IL-23 production. An LT mutant, LTK63, that lacks enzyme activity was less effective than the wild-type toxin in promoting DC maturation and the development of Ag-specific Th17 cells. LT enhanced IL-23 and IL-1α production from DCs via activation of ERK MAPK and IL-1β secretion through activation of caspase-1 and the NLRP3 inflammasome. These cytokines played a major role in promoting Th17 responses by LT and LTK63. The induction of Th17 cells in vivo in response to LT and LTK63 as adjuvants was significantly reduced in IL-1RI-deficient mice. Finally, using a murine respiratory infection model, we demonstrated that LT can act as a highly effective adjuvant for a pertussis vaccine, promoting Ag-specific Th17 cells and protection against Bordetella pertussis challenge, which was significantly reduced in IL-17-defective mice. Our findings provide clear evidence that LT can promote protective immune responses in part through induction of innate IL-1 and, consequently, Th17 cells.